We report a procedure for determining o-mannose in serum. After removal of proteins and lipids, the carbohydrate-containing fraction is treated to form the aidononitrile acetate derivative and analyzed by gas-liquid chromatography with a flame-ionization detector. o-Mannose and D-glucose had retention times of 31 and 34 mm, respectively. Day-to-day reproducibilities (CV) of between 2 and 12% for mannose were attainable for quantities of 100-900 ng. Related hexoses and derivatives do not interfere. The sensitivity was such that 10 mgIL could be detected in a 0
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We report a procedure for determining o-mannose in serum. After removal of proteins and lipids, the carbohydrate-containing fraction is treated to form the aidononitrile acetate derivative and analyzed by gas-liquid chromatography with a flame-ionization detector. o-Mannose and D-glucose had retention times of 31 and 34 mm, respectively. Day-to-day reproducibilities (CV) of between 2 and 12% for mannose were attainable for quantities of 100-900 ng. Related hexoses and derivatives do not interfere. The sensitivity was such that 10 mgIL could be detected in a 0.1-mL sample of serum. This method may be of use in diagnosing invasive Candida infection.
AdditionalKeyphrases:
monitoring infectious disease glycoproteins diagnostic aids Separation of and analysis for carbohydrates in human serum have primarily focused on glycoproteins and unbound carbohydrate.
Of the "unbound" carbohydrate assays, those for glucose are the most clinically useful, although there is increasing evidence that measurement of circulating saccharides, including mannose, may be valuable in the management of some infectious diseases (1) (2) (3) (4) 
Materials and Methods
Instrumentation
We used a Model 5831A gas-liquid chromatograph (Hew- 
Procedure
To 0.1 mL of plasma or serum add 0.1 mL of absolute ethanol. After 15-30 mm at 4 #{176}C, add 0.9 mL of 0.15 mol/L NaCl, centrifuge, and decant the supernate. To this supernatant fluid add 2 mL of dichloromethane, mix, and again decant the supernate. Lyophilize the solution to absolute dryness.
Prepare a reagent solution of 0.01 rnol of absolutely dry hydroxylamine HC1 per liter in dry pynidine and add 0. 
Results
Chromatographic Conditions
We evaluated various chromatographic conditions, especially columns of different polarity, and found the one described to be most satisfactory for resolving D-mannose and D-glucose. Figure 2 shows a typical chromatogram for a patient with above-normal serum mannose concentration and for a negative control serum.
Analytical Variables
Reproducibility and accuracy. D-Mannose was added to blank serum in concentrations ranging from 26 to 93 mg/L of serum. The sera were extracted according to the described procedure and analyzed by gas chromatography. Table 1 gives details of the precision and accuracy of the method. Standards of authentic D-mannose gave linear detector responses over the range of 100 to 900 ng. Analytical recovery of D-mannose was found to be fairly constant (85-113%).
Sensitivity.
The detector sensitivity (defined as the least amount measurable) at attenuation 64 was 100 ng for the aldononitrile acetate derivative of D-mannose. The overall sensitivity of the method when 100 fiL of serum was extracted was 10 mg/L.
Specificity.
Evidence for the specificity of the method was furnished by characteristic gas-chromatographic retention times of the reference compounds and the lack of interfering 
Between-day
Observed value CV, % n Multiple peaks from each sugar, poor stability of the derivative, and poor reproducibility of patterns make the method difficult. Several investigators (26) (27) have studied the alditol acetate derivatives of hexoses. In general, the common sugars 26 
Precision and Accuracy of Determinations of o-Mannose in Human Serum
Actual value, mgIL peaks in serum controls. The approximate retention time for D-mannose under the described conditions was 31 mm.
Interferences.
Other related carbohydrates evaluated for potential interference are shown in Table 2 . The method could not distinguish between D-and L-mannose, or between a-and /3-D-glucose. Peaks for 3-methoxyglucose and phenyl-13-D-glucose did not appear at all under the conditions described.
Discussion
Much of the interest in measuring individual carbohydrates in human serum has centered around glycoproteins, particularly in relation to malignant diseases (15) (16) (17) (18) (19) (20) . Methods for their measurement in human sera have often incorporated nonspecific colorimetric measurements of fucose and neutral hexoses (mannose plus galactose) (21) (22) (23) . The limitations of these methods are reviewed by Mrochek et al. (24) . These same authors, as well as others (6-11), have described an ion-exchange chromatographic technique for assaying neutral carbohydrates.
Although these methods avoid the problem of derivative formation and demonstrate good resolution and sensitivity (down to 1 nmol of pentose), the authors have reported that 2 to 6 h of chromatograph time are required to separate mannose, glucose, and galactose. Gas-liquid chromatography has been the principal analytical method used in assaying neutral carbohydrates. Sweeley et al. (25) described the separation of trimethylsilyl derivatives of sugars. As have other authors, we find these derivatives difficult to work with in the case of serum samples. 
